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(57)Abstract 

PURPOSE: To prevent destruction by an overvoltage, overcurrent and 
discharge of static electricity by inserting diodes between a 
magneto-resistive element and shields-for shielding the element 
CONSTITUTION: First and second leading-out conductors 22a, b 
consisting of copper films having a thickness of about 100&angst are 
mounted at both ends of the band-shaped MR element 21 having a 
thickness of about 340A and a sense current is supplied thereto: Both 
sides thereof are held by the first and second magnetic shields 23a, b 
consisting of soft magnetic materials, such as 'Permalloy (R)' having a 
thickness of 2 to 3μm, by which the MR head is composed. The 
respective first and second leading-out conductors 22a, b and the 
respective first and second magnetic shields 23a, b are connected via 
the diodes 24a to (d). The resistance of the MR element 21 is 5 to 
10Ω, the sense current is 16 to 20mA and the voltage across the 
element is 0.2V at the max, at the time of ordinary operation of the 
element The voltage at which the diodes 24a to (d) conduct is about 
0.6V and does not therefore, hinder the ordinary operation but the 
diodes conduct at the voltage higher than the voltage to prevent the 
destruction of the MR element 21. 
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%\<T>¥4 K24a tt»l(^5lfflL3K*:22a tSl^ 
^ft*>— /u K23a fCt£M£iX. i2<7)^Vt- K24 b 
^2co^iatJL^f$:22b 1 <75«SS^-/u K23 a Mffijft 
ctltl^o l3©;Vt- K24cf±»l<Z>3lffl 

L^t^22a i»2co«Sr>— K23 b S4 
CO^-T K24d(im2(7>5iaiL*f*22b h^2<nm%. 
K23b icSSttSnrv^S. l«fflfc*«B8«*co^ 

[ o o 1 9 ] m 3 (4, ^mcom i ^^jcs^mr 

Si <753iaSL#*22a «c-fer>-^«Sf£«*&IslK2 5 ^ffigR 
ctl, *2<?55lfflL»flc22b{iffiJtt$tbTl^o 

c05lffiL»f*:22a d^6S2<7>5iaiL3l»:22b 
WjfrlcSWLi. *fc, *ia^JS2^5iajL*flc22a I 
22 b It^tl^fhiEMX y hcO7t^0O->^>^-26a , 26 

[0020] si <n*,\&Lmm2z tmicom%i,->\s 

K23a oo^tC^r^Sl^^-Y^— K (S 1 <F>m%m 
^r) 24 a}*. S 1 cO^«*>— /U K23 a (C7 J — K^gg 



S l ^Ift L-Wf£22a (c^7 y — K^t&g^ixTv^ 
5 C 2<75§lttSL3f *22b >S 1 co^Svv— K23 a oo 
f^(C^ffii-oS2 00^Vxr- K (S2(/X&fg5?f^) 24b 
(4. S l (omm.^—^ K23 ai:i?y- K^£feg££ju S 
2<o3l& L3K*22b(cry- K^»S85ttTVN5o 
[ 0 0 2 1 ] Si ^^li±lL^f$:22a >g2«v^ 
K23b^f^;frf±^£S3cO^V ^— K (SS3 flMftHIS 
-T") 24cte N M2£>fl£Sv — /u K23b (C>f7 y— K/^ig^c 
eiU S 1 ^>?iaiL-WI*22a fCTy — K^^gg $ ttn- * 
£ c S2c0^jtHL^f$:22b >S2 cO£m>— /U K23 b 
IBtC^-?9Ei-^S4CO^^-— K (S4 0O^fi^^) 24 d 
f*. l2^H->-/u K23b(cTy- h*&mi$c£ti* S 
2 oO?ltb L^i$:22b (C^7 y— K^M^M5iLTl^5c 
[ 0 0 2 2 ] ii^tOSbf^Jc MRitl 2 1 60 

ISfitttllS - 1 0 Q|IST\ MR^-^I 2 l(Cir>^11 
1 0 — 2 0 mASracLTV^fci«>, MRfri 2 1 <D 
«8(C«JE Z>J>K W*0. 2VS^"CS>5 e 

oT, ±f£^^V^r— K24a — 24 d ^SE^ce^T t> . 

« ie*^«^ m mz \* m e> co ^ & \\ ±m<r>M 

R— -y K2 1 ^m^xmm.^' ^ ^ ? i 4^^iSfcco J: 0 ;c 

M'tj^? 1 4 ^Etee-ttr^ t . &m.^*y K ^ ^ ^1 

v a > 1 3 {cJ;5J¥JE^<£>£j9 ^i^icj: D i ^ ^ 

1 4o0^®^^£bi^y $ ^ p >co^^<— ^>>^-Sr^o 0 
IT, MR— -y K 1 1 tfr&Sirf 4 1 4 /j^co^ff #^ 

[0 0 2 3 ] MRif^jl2 1 (Cii^l CO^IiHL3gf$:22a 
*^»2<05iaiL3(*22b (C(pj^o-C^i6-fe v^«SK 1 

i-:A5i. MRlri 2 lcoffifetffias^tU 1:/±^S 

±E(73iKH-^y KSrffli^-c, igT^mS, igAm^t 

a T^w v l it » m m t c j: 5 * m m x % * < 4 * < * * it -5 n 

fFtCOC^T. 02 (a) , (c) S-#fiaL>fc25S 
[0 0 2 41 02 (a) tt»«^3/ KrtttOftaS^W 

mswr^r^(co^r^-r^ifiEi-t?fe4 Q 02 ( c ) 

(4^^^> LTinSl-S4C0^V^-— K.24a ~24d 

* 2 (OSS[ yu K23 a , 23 b SIX 
i^S2 60^^^— K23a , 23 b t S 1 XfiS 2 OO^I ffl 
LS*22a, 22b<7>W(c«13E;&s«£-r6fc«>, S2X^ 
l3(D^t- K24b. 24c^»iiL, S1XJ4S2CO 
Kg>— /u K23a'. 23 b -S 2 X^S 3 ^ K24 
b. 24c-S 1 Xi±»2©5l£tiLaaH*22a, 22 b cOgg§ 

[0 0 2 5] i:or, S2X^S3 0O^-fxj— K24 
b, 24c^«ii-T5*l±{10. 6Vl.Sf«>»), SIX 
I4S2 60^|£±1 L^fc22 a . 22 b t S 1 XliM 2 COJSft:- 
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-n- K23 a . 23 b <T> ffliz ft &T%mmm<nifemeLmMI± 

C>^T'£3 0 Sfc, Sl<a3lfflL»(*22a ^bir^* 
llrMRirl 2 1 ClfffcAel^ MRifl2 l.^b 
S2^§|ffl L»»22b (Cir^^a^^iSEffl^-tir-CV^ i: 

£JiSl^3lfflL»f*22affl!ia*ffi< , m2<D3\&L.mfc 
■ 22bffliJ^«S< lEl-Mi. ^«SMSl<^3l£iiLaS 

#22 a 2 cO^iatS L*gf*22 b MlzmtlZ* 

[0 0 2 6 ] SEM, S 1 ^3lttJLai*22atCj®*#fl;j± 
f-^Wofca^ ^SffiJfilS^uOS 1 fttfS 2 <7>3I 
mt^($22a. 22b^oOmHE^^^:§- < - CO <fc 

(n?**— K24a. 24b<OV^-fttfe/^aIaii--2,fc^, M 
Rfrl2 1 d&^jf'AoTi^, 3? 1 £>5I ffi Lagf*22 
a-Slco^VTT— K24a— » 1 ^^Stv — /u K23 a — 
* 2 iO^*f ^r- K24 b — S 2 cO§| a L^f*22 b oo^Cl 

[0 0 2 7] SlXiiS2c03lffib3»l*22a, 22 

b (Cig^/^m^^— v^^otS^, -trOO'S^c^MR^ 
2 1 iZtifttiTM 1 ft(/S2 CO^I ttS L^f*22 a , 22 b 

m<r)mi±.tf±^z>tK ^^m/±^±#(^j: 9 , sis 

0<S2uQy>f*-— K24a, 24 b <D jft, ^Wili" 5 
isb. MRm j rJS2 1 >^fJiCAoTl^. Sl^5lttSL 
m&22 a — Jg 1 CO^V K24a -S 1 <nm$i.ir — ^ K 
23a— m 2 oO K24b->S2 <D§iaiL2*f*22bcO 

[0 0 2 8] ±EiieiC, »2^§iajLa»*22'b^6-ir 
>^««ESrMR*^-JB2 1 ^fflEAS-fr, MRirl 2 1 

a*£>si ^i.HLi^a ic-^^^m^^^^^-frri ^ 

5 i: * , iS±^«Eyj+.ia±*KfflL.^«* L -5: 
<^«JEtt»2(n§|fflLg|f*:22bffla^K< . Si<Z>3lffiL 
911*22 affll^ IS < SEvsi. ^omSSiiS 2 <^5lffl 

L.8»f*22bffil^e>* 1 <E>3lfcH L>g(*22 a « 
oT, *2^>5IUiLgif*— »4^^-T^— K24d-*S2 
0«S->.— K23 b Z<T)^^( K24 c — S 1 cO?l 
ffiLa9(*22a^SK^ia*J/j:«M^flEi'U MRlfl 2 

[0 0 2 9] ^-f*L£>*§^^ MRIri 2 1 ^Oigt 

K0>&ftl-^S3£S(c/e-5o **3. 0 2 (b) CL 
^■f<t5(-, 81X^2^^^ K24a , 24 b co^g 

^^t-K24c, 24d^> biznifcmbmcmmLx 

[0 0 3 0] *fc. S3ft^S4CD*V;T- K24 c , 24 
d<75Sai^||Jg^J(Oi*3!3-rtOiS(c LT*3£, Sift 
tfS2<D*V sj— K24a, 24 b t L IC||JS0J £ jgKlteigg 



ltUt\ @2 (a) IC*tSlftt;S4wy 

-f^"— K24a. 24 d r^5Lt, 0 6 (a) IC^-fJ; -3 
iC. S2ftL s l3^^t- K24b, 24 c <Z>^*:3K L"C 
tctl-\ ^^>?i£\ SlXiiS2(73«S[S'— K23a, 
23basflf«Lfc£ »2Xli»3^>r*- K24b, 
24 c «r^LTJSlX«»2(OgiaLai(*22a, 22 b 

[0 0 3 1 ] (b) 35 2 cD3?3S#j 
14 (a) il*5§P^cO.S2<^5l3fi<5!|{C«SMR'— -y KoO 

02 (a) >M5>;^!1 miSrHr^t- 
K<7>ftfc>9 l-rtE^V t- K31a — 31 d gr^l^ri^ 
w^-C5>5 0 C^£§£\ 034 (c) oOSi^-m/E^-tefw 

^!?>«iE^/h$l^io^t,mjST*#5o 5Vfl 
Sfc^Ttet:-fe§ c Si Rtf»2<D3iaiL3lf*22a , 22b 
•i: , S 1 ftC s S2<^fiSSvC — /uK23a, 23b>^fiOSl 
-S4^^mi±^V ^— K31a -31d^M^^il[E12 
(a) ^^C>^otl^ 0 

[0 0 3 2 ] i^Gt, Si -S4^^ttBE^3f— K31 
a -31 d (cWLTiS^cOia^WJEjSSppSD^i-LfciS-g* 

MR S^riCfPSD e iS*«JEXIi3S*:«aLCOffi 
Sl^^J6ffi|cO»&«t D fc/h*<-f-5-4:ds-C t t So * 
is. 0 4 (b) (c^-T J: ^ (c, Si~S4<7?^«BE^>f 
^— K31 a . 31b oOigMii^WcO t *5 9 *;<0 ^ * U 
Tjo^, S3&^S4^S«JE^-f K31c . 31 d & 

[0033] * * : , S 3 .5 t^S 4 oo^m./± ^r— K31 
c , 31 d «^ig.«!llKJ6PJfO i i5 -^coi i {c L Tjc* . 
Sl&U«J[2^«i±^ af-— K31a. 31bir^tc^$g 
WiS^Lt^J:l\ JE(C 04 (a) IC^-TSl 
ra4(^£®±^^- K32a . 32d*:Bft*LT. m 
6 (b) (c*i"i:5«-, S2SU«S3(0^«jE^3j— 

K32b, 32cco*.«r«LTtJ:V\ -^^>^, SlXli 
S2<E>««>— ^ K23a , 23bd5^«Lfctt. S2X 
ltS3<75^ajE^V^- K32b. 32c^ltglX(i 
S 2 <D§| £ Hi L^(*22 a , 22 b (C«cm^ ir"^T# 

[0034] (c) fH3<Dmmm 

05 (a) (i*:*P^<OS3coj|ffiiW(cffiSMR.^y KcO 

0 2 (a) S(/i4 (a) tS45t^5fi, i^fS^^ 

1 L-c^-r^-— K&L^mE^-f Y<nftt>y f-S l 
-S4 (7^y< y ^^32 a -32 d r ffil^l^ ^ ^ T'^)^ 0 

■i^^t^, 05 (b) <DmrM-nj±&mc^-t£ o IZ, 
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XhZ> 0 zcnfcfr^ i2 (a) , 12 4 (a) >g/£9, 
[ 0 0 3 5 ] ?£oT, mi -miCDs^J X 9 32 a -32 d 

MR?rl2 1 (cfP7JD$4x6ii^SJEXIlil^m?jfc 
[ 0 0 3 6 ] #25* Si -^4oO/>y ^^32 a— 32 d £ 

(2) **0^i^>S5£ffy(ClSSMR^*y KRC^«!E»3£ 

(a) g|4co|ll£0i 
JSfcic, d] 1 €'#^L^V^^^^^S4^^1f£^ij(c^-5 

[0037] £-f\ ii^ooxMtcj: 9 . s (c^-ram 

^ K23aco±(cCVDa^(^J: 9 # y v y =>RSrJ«a 

SKv^r, K23 a ±(D^iPjj(D^ y V- y Z7 

swft^3ALt P nf^^Kt5 0 sei-^-c, mm. 

v— /u KJl23b±£»tfflijtf>2tf y v".V = >R*r-^*^ L v 
-roo^y y =y»lcNIT«*t PS»?:SAl 

[00^8! T^T 1 . ^'Jy iJ^>fil^/^--yyL 
TS1 .^2(O^Vt- K24a . 24 b £-f1^£-r 3 0 #: 
Sl.&c;»2W^>ft- K24a, 24b^SSLTv 
y = V§Mfc«£Jg/£LfcSL MRf-?l2U'yy3y 

= >:/LT»lXtfJ|S2^*V K24a , 24b_h(CM 
[0 0 3 9] Zfcl-^-v?, fflRSrJgjSLT^^^-^^^L, 

»siso<ss2<z>*v:*— K24a, 24b kmim-t^m IX. 

O r S2oo?lt±iL^*22a, 22 b frflg/S+Sc CV 
Dj£*lcJ:!9SiatfS2 05ltiaL»f*22a. 22 b 

SLr^y v y 3 >mzmmLtz&, ±Etra«tcL 
-c^^f y V- y ^ >K:piT^i: NS^fcfifeSrag 

* 1 2 ^Iffl L^f£22 a . 22 b ±C^it-?tt^ 3 

ao^4i75^ a— K24c , 24d *r(^fi£i--5 0 

[0 0 4 0 ] &^T\ gS3&t>^S4c7)^V7i— K24c, 
24 d arUSUyy = >SfkH<r^ 
> ^LT^3^C^4 60^V#- K24c . 24d_h'.cMP 



>^ITI3SL^4cO^V t- K24c, 24 d t mWtt 
%ttll3<nm2<nm%±— K23b ^Ktoo > 

[0 0 4 1 ] ^co^ !2^L^i^."<-Jfe.aiRS:^f 
Zk. BS^yKl l^St^o 

S— y KS:Sit5 1 5 C t 5 C 

(b) S5^^5Sf?riJ 
efcld, 0 7 L&riSfc, *i§qq<oS5 ooH3£ffJ{d« 

[0 0 4 2] S4<O^J£-t?"j(natiSXSiCjot^-C, sna 
C«»2C05l£tSL3»»:22a, 22 b'*®jS^SBRlc, 

I a 0^2 (Oggy- /U K23a , 23 b ^^^c^-5EgtC s 
m 1 Rt;S2 co^ittl L*gte22a . 22 b > %£ 1 ai^* 2 00 

— tv K23a . 23 b fc -tix^ix^jK L , iKftC^y K 

II a <7)^ffl{C§|£ffi$H5 4 *tO*«cOiEiiRJl22c , 22 
d, 23c, 23d*r^a^-^ ^12a<75ffl|l8(CJgAS: 
i~o 0 ISiSil22c, 22 d, 23 c, 23 d <T>^Pck It, S 
1 Rt5S2 oo^ltii Lag#:22a , 22 b k % 1 R Xtm 2 <nm 
SSv— /uK23a f 23 b t [W] C^m^arffil fc J: O U 
S * 6 W * £ ffl i ^ T fc J: i \ 

[0043] m^x\ m4 oo^^j(-^i-xa^sr, 

Klla Sr^i"5o " ^^i^, ^4(75^ 

J£WtS<Cl!3, Klla rt(Z(if*tt3R^(i^L 

^vv ^(7ym, IEi5^ffiMi:^U^(c^5 J: 5 (c, ^ 
1 /u K23a i » 1 <7)3!ft LSf^22 a oO^ N S 

1 coemv--^ K23a ir*2(^)5lfflL3H*22b<OKI, ffi 
2<r>m^l> — iv K23b <n?!HiLi£fik22a <nm»O c 

»2^gi— .'I- K23b iS2coa!fflL?SH=22b <0R!t-- 

4c0^y ^^*^33a -33d^g|5*S^-SrffiiBt-r-5o 
[0 0 4 4] W±^j:9(c, KllaW^SBIC 
giJffl(wf%Siai^33 a -33 d ^r^«9 frftt 5 i k 1£X* Z» 

[0 0 4 5] 

^l-Tii. *lRV*2(OgiaL#»:tJ|5l<0««v — 
■*-S»l&^*2(0{SlB*^i:, jBl&t5»2<o§|ffiL 

mfck^2(Dm%is~- ;v Kfc^n-^j-bsas^, 

±^)li±(c^ LT^.ii^^m 3 4 *>«»*^- i S: 

[0 0 4 6 ] ffioT. 8lXi±S2^Kfiy-^KdSff 
*Lfc»£\ JBl75S*4iO(S»3B : Ft^L-C, JSlX 
iiS2oo««-;.— /u K^<b«l X'<zm2<n$\ftl,mmz 
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m i 2 oo^n^^-^ i cote^m>-/^ k— as 2 X 
isas i co<*»*^ ^ggs-c, get m±h 3 xitrn 4 co&m 
m^m 2 6D££^v— /u 4 3 ^^^^^ 

[0047] ior, mm^m^—(omx'mj±comm 

7t, ^3^C^4oo^!tilL^f$^l^-rrb7i i i:^3o0^m 
95 5 ^«a^T=- i , SS 3 &u*|S 4 (O^ldi LWfrtfn- ^fix 

[0 0 4 8 ] 3 Xfi*4 fiOi&»v — /u KOI ^fii^^ 
tig? 4 tf^fU — ^ Ffrhm 3 Xi*3S4 -TDSIffi L^&(C 

[l2ScoiB*#RW] 

[Ell] *«^<o^«|(c^sea^y Kico^r^t 

[0 2] *^^oo^^(c^5e^^ Fto&mm^k 

[03] * : &9i<nnffimtz.&z > m9L'^y \t<ommisi&<r> 
[0 4] *igw^ni£ff!i(c«5aft— y b'<Di%mm^rt 

[05] ^^a^oo^ffiFytc^^^^^ F<Dm$m^k 

f-ol^-C^i-0T-&<5o 

[0 6] **W^H36Wlf^«5«SC^y K^ftSS^tD 



[0 7] *«W^|IKWfc«5««IE«S6fll^a>«B|* 

[0 8 ] *^^oo^W(c11o^^E^a^oi >T^ 
[09] ffi*WCS5BS^y K^iiS^p B 1ES^) 

[W*^SftW] 

11, 11a y Ks 

12, 12 a i&M— ^K^^-fy\ 
1 3 -H-^-O v 3 >\ 

1 4 m%.=r < *2 . 

2 1 MRsR^-JS, 

22a 1 03ltfJL^#, 

22b 3l2^5i£fciLSIt*. 

22 Cf 22 d, 23 c, 23 d lEft/I. 

23 a — /u H\ 

23 b S2C0^^>— /i/ K, 

24a Il©^t-K (S1C0«:H^) , 

24b !2(D^Vt-K (*§2 CO<*f$§?i^) H 

•24 c 13^) *V K i% 3 , 

24 d S4(^^t-K (S4CD««*^) . 
2 5 ir>^«flt»t*&lp]K, 

26a, 26b r7>^>"tJ\ 

2 7 ^^0^, 

3ia mi ^^mjE^'-r k (3si<D&mm*) , 

31b »2 0^«BE^^— K (^2 0)ffilif) \ 

31c l3^tffyVt-K (35 3 <0«SHH^) , 

31 d ^4(D£iE^Vt-K (l4(Z)^Iff) % 
32a Sf5l<0'<y** (iKO^ilf) . 

32b S&2<7V<V;** (^2o0^g|^^) x 

32 c ^3 <7> '< y * (j£ 3 ^{S-MM^-) . 
32 d f£±<D'<})*9 (»4<0«S|*^F) v 

32 e JBl^y***? Sl^ilfl , 
32 f I2o0^y^^ir (IB 2 05«ai*^)' , 
32g I3^y^^if (^3oO^S*^) , 

32 h &a<d'<}) *?m=F m 4 <M%mm*) , 



[02] 



(a) 



(b) 
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23a 
i_ 



22a \ 
24a) /24c 

i m 



ttr 



24b / 24d 
22b 
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